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1991-7902/Copyrightª 2015, AssociatioAbstract Background/purpose: Although there are existing numerical simulation studies on
biomechanical responses induced by dental implants, particular attention has not been paid
to the discrepancies of alveolar bone around natural teeth and dental implants. The purpose
of this study was to compare and assess the different consequences of alveolar bone remodel-
ing before and after dental implantation.
Materials and methods: Two three-dimensional finite element (FE) models of a maxillary bone
segment were developed, comprising either implant-supported dental bridgework or natural
teeth. A set of three-dimensional orthotropic bone remodeling algorithms was implemented
in the FE models to analyze the stress, strain, and density distribution in the supporting bone.
Results: There were significant differences in the stress, strain, and density distribution be-
tween the intact model and implanted model. The variation of stress value was remarkably
different in both models, and evident differences were found in the high stress region. Strain
value was elevated in cortical bone around the implant neck, but in the intact bone strain
value was distributed more evenly. In addition, bone density distribution around natural teeth
was more uniform and homogeneous.
Conclusion: Simulations of adaptive bone remodeling, validated by clinical data, can be
proved as a useful way to bring more insight into the mechanisms behind bone adaptation.
In consideration of the crucial role of the periodontal ligament (PDL) in determining the me-
chanical environment in alveolar bone, it is suggested that the effect of the PDL on the bone
remodeling response should be considered in future dental implant design.
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Natural teeth and implant-supported restoration 191Introduction
Teeth are typically lost due to disease, accidents, the aging
process, or dental decay. To replace missing teeth, a dental
bridgework is usually used to restore natural function and
appearance. An implant-supported restoration can provide
an advanced alternative to traditional denture replace-
ment. Benefitting from recent advances in dental implants
related technology and materials, surgical placement of
standard implants boasts a success rate of approximately
97% in the short term.1,2 However, dental implant failures
are generally higher in some specific groups of patients,
such as patients with severe bone loss in the jawbone,
periodontal disease, and bruxism problems.3,4
According to the classic Wolff law,5 bone has the ability
to change its internal material properties and external ge-
ometry to adapt to loads placed upon it, via a biological
process called bone remodeling. During this process, bone
resorption and formation are executed and regulated by
bone cells (osteoclasts and osteoblasts).6 Based on the
Frost mechanostat theory,7 bone will resorb when the me-
chanical loading drops below a lower threshold. When the
load reaches an upper threshold values, bone apposition
will occur. If the mechanical stimulus is between the upper
and lower threshold values, remodeling will not take place.
Moreover, where mechanical loading increases excessively,
overload resorption may occur with bone loss. Changes in
the mechanical loading environment due to the insertion of
an implant into the jawbone have been well addressed in
previous dental studies.8e10 Therefore, in order to further
improve the effectiveness of dental implants, especially
over the long term, it is necessary to investigate the
remodeling responses of peri-implant bone in order to
obtain more detailed information about the biomechanical
behavior of bone-anchored prosthetic devices.
Based on the aforementioned bone adaptation theory,
some numerical studies have detailed the biomechanical
responses induced by dental implants. In the field of dental
biomechanics, the computational simulation of supporting
bone remodeling has been carried out by previous re-
searchers.11,12 A bone remodeling algorithm has been
developed for internal bone remodeling in the cortical and
trabecular bone within jawbone. In the study by Li et al,12
improvements in simulation methods by integrating over-
load bone resorption have allowed for more accurate pre-
diction of dental implants. A study by Chou et al13
predicted a nonhomogeneous distribution of density/
elastic modulus of the mandible around various dental
implant systems. Furthermore, by using a set of segmented
algorithms, Lin et al14 investigated bone remodeling around
implant systems under different loading conditions, and
recommended attaining proper occlusal adjustment to
reduce the lateral force. Some investigators developed a
series of numerical dental models correlating to clinical
computed tomography (CT) data.10,14e16 In addition, other
groups focused on simulating trabecular architecture
around dental implants.17,18
Although thereareexistingnumerical simulation studieson
biomechanical responses induced by dental implants, partic-
ular attention has not been paid to the discrepancies of
alveolar bone around natural teeth and dental implants.Accordingly, more specific studies are required to qualify and
quantify such differences. The objective of this work is to
compare and assess the consequences of remodeling in alve-
olar bone before and after implantation. To achieve this, two
three-dimensional (3D) finite element (FE) models of a
maxillary bone segment were developed for this biomechan-
ical analysis, comprising either the natural teeth or the three-
unit implant-supported cantilever bridgework, and a set of 3D
orthotropic bone remodeling algorithms were implemented
herein. Furthermore, the density contours were qualitatively
compared with clinical radiographic images.Materials and methods
Finite element modeling
The 3D geometry of the maxilla was modeled from CT im-
ages of a middle-aged male patient. The CT images con-
sisted of 312 transverse sections with a slice thickness of
0.5 mm and a pixel width of 0.398 mm. Using the software
Mimics (Materialise, Leuven, Belgium) and Geomagic
(Geomagic Company, NC, USA), 3D models of a segment of
the maxilla (including cortical and trabecular bony struc-
ture) without teeth were built. Two FE models with natural
teeth and implant-supported cantilever bridgework were
constructed for evaluating the progression of bone remod-
eling, as shown in Fig. 1. For the intact model, two central
incisors and one lateral incisor were incorporated. The
periodontal ligament (PDL) was generated around the root
with an average thickness of 0.2 mm. For the implanted
model, a three-unit implant-supported restoration with
cantilever was built. The two dental implants were 10 mm
long with a diameter of 3.75 mm, based on Straumann
Standard Plus Implant system (Straumann, Basel,
Switzerland). The dental implants and crowns were made
of titanium alloy (Ti6Al4V) and ceramics, respectively. The
models were checked by a dentist to ensure the geomet-
rical similarity, similar to previous publications.19,20
The models were meshed using 10-node quadratic
tetrahedral elements with a global element size of 1 mm in
ANSYS Workbench (Swanson Analysis System Co., Houston,
TX, USA). The convergence tests for the intact and
implanted models resulted in 62805 elements (nodes:
109246) and 63573 elements (nodes: 100900), respectively.
Detailed elements assignments are listed in Table 1.
Occlusal mastication forces in this simulation varied for
each region of the teeth. The two central incisors and
lateral incisor were occlusally loaded with forces of 100 N,
100 N, and 90 N, respectively, in the buccal-lingual plane at
11 (Fig. 1). According to the actual situation, the occlusal
loading forces were applied on the palatal surface about
one third of crown length from incisal edge. Fully bonded
interfaces were assumed between the bone and implant,
simulating complete osseointegration. Moreover, the in-
terfaces between the bones and PDL, PDL and teeth,
trabecular bone and cortical bone, and abutment/implant
and restoration are assumed to be perfectly bonded. As
boundary conditions, the top, mesial, and distal borders of
the maxilla were considered fixed to restrain all forms of
movements, as shown in Fig. 1.
Figure 1 Finite element model of the segment of a human maxilla. (A) Intact model. (B) Implanted model. (C) Location of
transverse sections used in this simulation.
192 C. Wang et alThe linear elastic, homogeneous, and isotropic material
properties of the PDL, teeth, and implant systems are shown
in Table 2. Because the mastication loading-induced strains
fall in the linear elastic region of the constitutive model, thematerial property of the PDLwas used in a linearmanner. The
maxillary bonewas given orthotropic properties. For cortical
bone,21 the initial material properties were: E1Z 10.8 GPa;
E2 Z 13.3 GPa; E3 Z 19.4 GPa; v12 Z 0.309 (v21 Z 0.381);
Table 1 Element assignments in the finite element
models.
Body name Preoperation
(intact)
Postoperation
(implanted)
Elements Nodes Elements Nodes
Cortical bone 16246 27888 15363 25751
Trabecular bone 24974 38106 37352 55769
Teeth 3290 6118 N/A
PDL 18295 37134
Dental implant N/A 8131 14430
Crown 2727 4950
Natural teeth and implant-supported restoration 193v23 Z 0.224 (v32 Z 0.328); v31 Z 0.445 (v13 Z 0.249);
G12 Z 3.81 GPa; G23 Z 4.63 GPa; G31 Z 4.12 GPa. For
trabecular bone,10,22 the starting point of the algorithms is a
homogeneous state of E1Z 3 GPa; E2Z 1 GPa; E3Z 0.2 GPa,
v12Z v23Z v31Z 0.3 and G12Z 1.15 GPa; G23Z 0.38 GPa;
G31Z 0.077GPa. E1, E2, and E3 are elasticmoduli in one, two,
and three directions, G12, G13, G23 are shear moduli and v12,
v13, v23 are Poisson ratios. E1 is along the buccolingual di-
rection; E2 is along the inferosuperior direction; E3 is along
the mesiodistal direction. The initial density of trabecular
bone and cortical bone were assumed to be 0.80 and 1.74 g/
cm3, respectively. It is noted that different bones (cortical
and trabecular bone) possess different remodeling con-
stants. In addition, the elastic moduli of both cortical and
trabecular bone were updated iteratively according to the
following relationship between bone density r (g/cm3) and
elastic moduli Ei (MPa).
For cortical bone23:8<
:
E1Z6382þ 255ð  23930þ 24000rÞ
E2Z 13050þ 13000r
E3Z 23930þ 24000r

1:2 g=cm3  rcortical  2:0 g=cm3
 ð1ÞFor trabecular bone:24
8<
:
E1Z2349r
2:15
E2Z1274r
2:12
E3Z194r

0:2 g=cm3  rtrabecular  1:2 g=cm3
 ð2Þ
These concepts are outlined in Table 2.Table 2 Material properties of the PDL, teeth and implant
systems within the FE models.14,26
Material Density
(g/cm3)
Elastic modulus
(MPa)
Poisson
ratio
Cortical bone 1.74 14700 0.30
Trabecular bone 0.80 1470 0.30
Dentine 1.20 18600 0.31
PDL 0.70 70.3 0.45
Titanium alloy implant 4.51 110000 0.35
All-ceramic FPD 5.68 140000 0.28
FPD Z fixed partial denture; PDL Z periodontal ligament.Orthotropic bone remodeling calculation
incorporating both underload and overload
resorption
A set of orthotropic bone remodeling algorithms was
employed in this study.25,26 According to Frost’s remodeling
theory,27 bone tissue can adapt its structure and properties
according to different kinds of mechanical stimulus. The
strain energy density (SED) was considered to be one of the
most effective indicators for predicting bone remodeling.11
The local bone density changed as a function of mechanical
stimulus (SED per unit bone mass, J), following the
remodeling rate equations20,28 (Equation (3a)w(3d)).
 Bone disuse resorption:
dr
dt
ZB

J ð1 dÞKref

if J< ð1 dÞKref ð3aÞ Bone equilibrium:
dr
dt
Z0 if ð1 dÞKref J ð1þ dÞKref ð3bÞ Bone formation:
dr
dt
ZB

J ð1þ dÞKref

if ð1þ dÞKref <J< Koverloading ð3cÞ Bone overload resorption:dr
dt
ZB

Koverloading J

if J Koverloading ð3dÞwhere J denotes SED per unit bone mass (U/r), U is the
mechanical stimulus (i.e., strain energy density herein), r
is the bone density, B is the remodeling rate constant, Kref
and Koverloading are the remodeling reference values, and
d is the bandwidth of the ‘lazy zone’. As per the litera-
ture,11,28 the input parameters can be set as B Z 1.00
(g/cm3)2/(MPa time units), Kref Z 0.004 J/g,
KoverloadingZ 0.0358 J/g and dZ 10%. The critical overload
Koverloading is calculated from the overload threshold stress
(31 MPa) and strain (4000 mε).28
The ordinary differential equations (Equation (3)) were
solved numerically by using the Euler method (Equation
(4)), following the previous study12:
rnþ1Zrn þDtfðs;rnÞ ð4aÞ
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Dt
2

fðs;rnÞ þ f

s;r)nþ1
 ð4bÞ
A small constant time step Dt (1.0e-04  time unit) was
selected to avoid large local and truncation errors.
By using Equations (3) and (4), the change in bone den-
sity with each time step was calculated. Then the corre-
sponding elastic modulus was updated according to the
relationship presented in Equations (1) and (2). The next FE
analysis was then performed using the modified material
properties. The iterative process was continued until the
criterion for convergence was met. The bone remodeling
calculation was implemented in the ANSYS and its APDL
(ANSYS Parametric Design Language) programming facility,
where each element was assigned an individual material
property. A detailed flow chart of the remodeling proce-
dure is provided in previous work.20Results
In this simulation, equilibrium in bone density was attained
after approximately 500 iterative steps. A comparison of
alveolar bone response between the intact model and
implanted model was performed.
Comparison of bone density contours
To represent the results of bone density distribution,
different perspectives and cross-sectional views of interest
were selected, as presented in Fig. 1. For the sake of clarity
and readability, only the alveolar bone was shown. From the
point of view outward, the bone density patterns on the
cortical bone were somewhat similar. The color contours
were plotted using the same scale, between 0.6 and 2.0 g/
cm3. Fig. 2 shows the contour plots for both models in the
occlusal, frontal and lingual views. High-density values were
noticed on the buccal and lingual side of the alveolar cortex,
where density values ranged from 1.68 to 2.00 g/cm3.
Particularly, on the alveolar margin, dense bone was
observed in the cervical area of both the intact bone and
implanted bone, apart from a decrease in density at the rim
of the cortical bone in the latter model. Overload resorption
results in a slight reduction in density in this area (Fig. 2A).
From the frontal view (Fig. 2B), some bone apposition
(densification) was observed in the maxilla region, adjacent
to the tip of the central incisor and the dental implant. A
clear difference is evident where more bone densification
was observed along the central dental implant as compared
to the intact natural teeth model. Moreover, regarding the
lingual view, different bone densification regions were
noted, however, the overall density distribution was similar
in both models, as shown in Fig. 2C.
From the cross-sectional views, significantly different
bone density patterns can be seen between the intact and
implanted alveolar bone. Subsequent to bone remodeling
there was a considerable reduction in bone density in the
vicinity of the dental implants. In the region of the right
lateral incisor (Section A) of the alveolar bone (Fig. 3A), it
can be observed that the bone density around the natural
tooth was higher than that around the dental implant. In
addition, around the right central incisor (Section B), bonedensification occurred on both the buccal and lingual side
in the intact alveolar bone, but only on the buccal side in
the implanted bone (Fig. 3B). To summarize, the bone
distribution around natural teeth was more uniform.
Furthermore, around the left central incisor (Section C),
the bone density around the natural teeth was much
higher than that under the cantilever configuration
(Fig. 3C).
A visual comparison between the clinical radiographs
and simulated bone density distributions indicates a
reasonable model validation (Fig. 4). Figs. 4A and 4B show a
mesial-distal sectional view of the simulated bone distri-
bution for both intact and implanted models. Fig. 4C shows
two clinical radiographs for human natural teeth and
implant-supported cantilever FPDs (Fixed Partial Dentures)
embedded in the alveolar bone. From Fig. 4A (left), the
high relative density can be observed between the teeth,
which mirror the physiological situation, reflecting impor-
tant morphological features of the alveolar bone. In
contrast, low density bone between both dental implants
was predicted, and higher relative density values were
observed in the neighboring region of the central incisor
implant, as shown in Fig. 4A (right). From the opposite di-
rection (Fig. 4B), we can see that there was low-density
bone density around implant neck in this simulation. The
clinical radiographic examination indicates that there was a
higher bone loss in the same region (Fig. 4C). Although bone
loss varies depending on each bone type, and type of pa-
tient, it is possible to state that there is a greater possibility
of bone loss. It is noted that the computational simulated
results did not exhibit bone density distribution as true as in
the clinical radiographs. Still, in this study, the feature
differences between intact and implanted models should
be our prospective goal. Hence, to a certain extent, this
comparison can reflect the long term different effects of an
implant-supported cantilever FPDs configuration on the
bone quality, as compared with natural teeth.Comparison of bone density values
Comparative views of the numerical results for both the
intact and implanted models are presented in Figs. 5 and 6,
respectively. Fig. 5 compares simulated density values in
both intact and implanted alveolar bone at six sampling
regions. It is worth noting that the density values in the all-
root region were higher in the intact alveolar bone than in
the implanted bone. In addition, it is evident that the
values around the neck of natural teeth were higher in the
region of both central incisors (R1 and L1) but lower in the
region of the right lateral incisor (R2).Then, to compare
detailed alveolar bone density distribution between the
intact and implanted models, the density histology in the
alveolar bone is presented in Fig. 6. Although some simi-
larities can be observed, there was a rather different
pattern of bone density histological distribution for the
both models. As shown in this figure, in the range from 0.6
to 0.8 g/cm3, density values were higher in the implanted
model than in the intact model. However, in the range from
0.9 to 2.0 g/cm3, the values were lower in the implanted
model than in the intact one. Therefore, it can be
concluded that retention of the natural teeth may lead to a
Figure 2 Comparison of simulated bone density distributions due to the bone remodeling between the intact (left) and implanted
(right) model. (A) Occlusal view. (B) Frontal view. (C) Lingual view.
Natural teeth and implant-supported restoration 195higher density distribution in the alveolar bone when
compared with prosthetic devices.Comparison of mechanical responses
Inserting the prosthetic component significantly altered the
mechanical environment within the jaw bone. The von
Mises stress value in the intact and implanted model variedfrom 0 to 28.25 MPa and from 0 to 30.97 MPa, respectively
(Fig. 7A). The evident differences were found in the high
stress region. In the intact model, high stress occurred near
the cervical region of the left central incisor and in the
apical region of the alveolar bone. However, for the
implanted model, the stresses progressively increased from
the incisory margin to the root apex along the implant
longitudinal axis, and were localized circumferentially
around cortical bone near to the implant neck. Concerning
Figure 3 Different cross-sectional views of simulated bone density distribution in: intact alveolar bone (left) and implanted one
(right). (A) Section A: lateral incisor region. (B) Section B: right central incisor region. (C) Section C: left central incisor region.
196 C. Wang et althe von Mises strain distribution, dental implantation lea-
ded to elevated strains around the cortical neck region. The
maximal values of strain reached 0.6265%. However, these
elevated strains were concentrated in a small area of bone
(Fig. 7B, right). In contrast, the strain value in the intact
bone was distributed more evenly than that of implanted
model, as shown in Fig. 7B, left.Discussion
In this work a computational bone remodeling model was
employed to estimate the influence of the implant-
supported cantilever bridgework on peri-implant bone
density distribution. A set of 3D orthotropic material bone
Figure 4 A mesial-distal section through the natural (left) and implanted (right) alveolar bone. Simulated bone density distri-
bution (A) from the frontal view and (B) the lingual view. (C) Radiograph showing internal bone morphology.
Natural teeth and implant-supported restoration 197remodeling algorithms was introduced. Based on the nu-
merical results, a comparative evaluation of the bone
remodeling responses can help optimize future dental
implant designs and promote long-term success rate.
Among the existing mathematical models for bone
remodeling around implants, almost all models assumed
bone to be an isotropic material. However, real bone isanisotropic and inhomogeneous,29 proving the isotropic
assumption to be inaccurate. Available clinical and exper-
imental evidence indicate the biomechanical behavior of
maxillary bone is orthotropic. In fact, an effective ortho-
tropic material remodeling algorithm has been developed
by previous researchers,25,26 and was implemented with the
finite element method to investigate the bone remodeling
Figure 5 Comparison of simulated density values in intact
and implanted maxilla at eight sampling regions. R2 Z right
lateral incisor region; R1 Z right central incisor region;
L1 Z left central incisor region.
198 C. Wang et alresponses.30 An orthotropic model of jawbone has been
recently introduced into dental biomechanics by Aversa
et al.10 It is believed that more biofaithful results can be
obtained by integrating this orthotropic assumption.
The results of this study suggested a significant differ-
ence in the bone density distribution between the intact
model and implanted model. The bone density distribution
around natural tooth was more uniform and homogeneous
as compared to implanted alveolar bone. In our opinion,
the PDL plays a very important role in the bone’s responses.
The PDL is a group of specialized connective tissue fibers
that essentially attach a tooth to the alveolar bone.31 From
a mechanical viewpoint, the PDL functions as a shock
absorber to dissipate the bite forces during mastication.
These fibers can act as elastic material, allowing the tooth
to homogeneously transfer load to bone during chewing.Figure 6 Histological comparison of simulated bone density
in the intact and implanted alveolar bone.That is to say, the stress/strain can be more equally
distributed to alveolar bone, as shown in Fig. 7. Because
the mass and strength of bone depends on its mechanical
environment, the presence of a PDL improves the biome-
chanical performance of natural tooth in comparison with
dental implant. Furthermore, due to the high elastic
modulus of dental implants, a larger amount of the masti-
catory load was applied to the cortical neck, producing high
stress/strain concentrations localized at cortical bone to
implant border (Fig. 7). The bone density around dental
implants is obviously lower than that around the natural
tooth. According to previous clinical studies, dental im-
plants placed in lower density bone have a higher failure
rate.1 It is thought that the altered mechanical environ-
ment from prosthetic devices could undermine (jeopardize)
long-term reliability and durability.
Adding to the aforementioned discussion, an ideal load-
bearing dental implant must match as close as possible the
natural tooth’s mechanical behavior. Although dental im-
plants can be surgically placed in the jaw bone to replace
the root of missing teeth, marginal bone loss around dental
implants is inevitable, resulting in crater-like defects.32 In
the absence of the PDL, masticatory load cannot be
transmitted uniformly from the tooth to the inner structure
of alveolar bone. This could impair the clinical outcome of
implant surgery. Furthermore, without the PDL, the peri-
odontal mechanoreceptor feedback is absent during biting
and chewing. Existing studies indicate that periodontal
mechanoreceptors play a major role in the control of jaw
movements and forces from food manipulation.33 For this
reason, patients with dental implants show impaired
adaptation of jaw muscle activity for different food.
Hence, it is necessary to take into account the effect of the
PDL during implant design.
The influences of the cantilever restoration on alveolar
bone remodeling consequences should be discussed. On the
one hand, the incorporation of cantilever structure could
aggravate the stress/strain concentrations around implant.
As a result of the remodeling responses, bone density
increased in the adjacent region around implant (Fig. 4).
But it is noteworthy that, if biting force is more excessive
(such as bruxism) than usual, marginal bone might be due to
overload stress/strain which occurs clinically, increasing
implant failure risk. On the other hand, it can also be
observed that, for the implanted model, alveolar bone at
the left central incisor region experienced a greater bone
density loss, as compared with the natural teeth model.
This means that bone disuse resorption occurs in this re-
gion, because most masticatory loading is borne by the
cantilever extension, which can lead to a certain stress
shielding within the underlying bone.
These some assumptions and limitations remain to be
the biggest obstacle to accurately predict bone remodeling
consequences. First, it should be pointed out that the
remodeling algorithms used in this study do not take into
account the individual variation of the bone density due to
age, sex, and other patient-specific factors. Therefore, the
effect of different patient-specific factors on the bone
remodeling should be incorporated in the further work.
Second, orthotropic material properties were used to take
into account the bone’s anisotropic nature. However,
based on the bone remodeling theory, the local orientation
Figure 7 (A) von Mises stress and (B) von Mises strain in the intact model (left) and implanted model (right). The regional stress
distribution was similar in both models, but the strain distribution was different.
Natural teeth and implant-supported restoration 199and degree of anisotropy are variables that change with the
external mechanical loading in trabecular bone structure.34
Probably for this reason, the orientation of the maximum
stiffness for each site should be oriented with respect to
the local maximum principle stress direction. Third, the
starting point of the remodeling algorithms is a homoge-
neous trabecular bone density distribution. In fact,
trabecular bone in the maxilla is highly nonhomogeneous.
Therefore, an inherent distribution of bone density in the
maxilla should be initially assigned to the elements ac-
cording to the grayscale of CT scanned images data.
Finally, the PDL was considered as a homogeneous,
isotropic, and linear elastic material. However, the PDL’s
naturally fibrous texture with varying principle direction
around the tooth offers heterogeneous, anisotropic, and
viscoelastic material properties.31,35 Because the PDL plays
a crucial role in determining the mechanical environment
in alveolar bone, a more accurate computational model
will be required to evaluate the alveolar bone remodeling
responses.
Computer simulations of adaptive bone remodeling,
validated by clinical data, are a useful way to bring moreinsight into the mechanisms behind bone adaptation. Ac-
curate computational models to investigate alveolar bone
remodeling before and after the placement of the three-
unit implant-supported cantilever bridgework have been
developed and evaluated. Different bone remodeling con-
sequences were compared with regard to the stress, strain,
and density distribution. Due to the effect of the PDL, bone
density in the intact alveolar bone was more uniform and
homogeneous than that of implanted model. Therefore, it
is suggested that the effect of the PDL should be considered
in future dental implant design. The effect of bone
remodeling on the success of dental restorative surgery is
critical for the development of dental implants with
improved longevity. It is hoped that this comparative
analysis of bone remodeling can effectively contribute to
design of dental implants in the future.Conflicts of interest
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